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smMARY

Thisreportpresentstheresultsof cumulative-fatigue-dsmagetests
madeon607specimensmachinedfromalclad75s-T6aluminum-alloysheet
0.064inchthickand198specimensof dclsd 2k’-T3w dckd 75s-T6
alunimn-alloysheet0.032inchthick.ThetestsoftheO.064-inch-thick
spectiensconsistedof35differentloadingconditionsandthetestsof
the0.032-inchmaterialconsistedof13differentloadingconditions.
Thestressamplitudesusedwerenominally*1.6,000and*17,000psi,
t16,000and~n,000pSi, *16,000smdt60,000psi,t30,000andik0,000psi,
and*W,000andt60,000pSie

Thecumulative-damageratiowascalculatedasthesumoftheratios
ofthenunibersof cyclesappliedatthedifferentstresslevelsto the
nuniberof cyclesatthesamestresslevelthatwouldcausefailure.
Seventy-twopercentoftheaveragecumulativeAsmsgeratioswerewithin
twentypercentofunity,andfortypercentweretithintenpercentof
unity.Thesmallestaveragecunulatim-damageratioof a groupoffour
similarspecimenswas0.568andthe ~gest, 1.440.TIEcumul-ative-
damx+eratiosfOrthe0:032-tich-thickmaterialshowednosystematic
variationfromthosefortheO.O&-inchmaterial.

Aircraftstructwesin

INTRODUCTION

servicearestijectedto stressesofvarying
smplituies.It isdesirable,therefore,to includetheeffectofvaryimg
stresssm.plitudeintestsfordeterminingthefatiguelifeofatrcraft.‘
It islmown(refs.1 and2)that,forsomeferrousmaterials,a sequence
of stressesoffluctuatingamplitudeproducespronouncedeffectsonthe
fatiguepropertiesofthesematerials.Theeffectsofuuderstressing,
overstressing,“coaxing,“ andsequenceloadinghavebeeninvestigated
forferrousmaterials(refs.3 to 7). Relativelylittleworkofthis
type,however,hasbeendoneonhigh-strengthaluminumalloys.

Severaltheorieshavebeenadvanced-inaneffortto obtaina rela-
tionshipbetweenthenumberof cyclesof stressatdifferentstresslevels
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andthecuunilativefatiguedsmage.Miner(ref.8)assumedthemount of “
cumulativefatiguedmsge underrepeatedloadsata givenstresslevel
to equalthenuuiberof loadingcyclesappliedatthatstresslevel
expressedasa percentageofthenumberof cyclesto failureatthat
stresslevel.AreviewofpreviousworkledRichsrtandI?ewmark(ref.9)
to assumetheexistenceof a damage- cycle-ratiorelationduringthe
processofforminga fatiguecrackatanyoverstress.Therelationship,
intheformofexperimentallydeterminedcurves,isusedtopredictdsmsge
amdfailure.W-en (ref.X3)assmeda modifiedexpressionofthe
cumiktiveee hypothesisofreference8 inconsideringthatthesun
ofthecycleratiosatfailurecanexceedorfallbelowunitydepending
onthematerialandcyclepattern.

TheNationalBureauofStandsrds,underthesponsorshipandwith
thefinancialassistanceoftheNationalAdvisoryComitteefor
Aeronautics,undertooka pro~smof cumulative-fatigue-dsmagetestson
high-strengthaluminum-aUoysheetmaterialsto obtainsufficientexperi-
mentalevidenceto determinetheusefulnessofMiner’smethoddescribed
inreference8. Thepresentinvestigationwasperformedintwopsrts.
ThefirstpsrtconsistedoftestsofO.O@-inch-thickalclad75S-T6

.

aluninun-alloyrolledsheetspecimens.Thedataobtainedcomparecumula-
tivefatiguedamsgeovera tiderangeof stress-cyclehistories.The
secondpa% consistedoftestsof0.032-inch-thickalclad24S-T3and
o.032-inch-thicka.cbd 75s-T6. Theresultsofthesetestsareincluded
to showtheeffectonthecumulativedamsgeratioof:

(1)

(2)
(3)
(4)

The

Stress.5m@3tude
Sheetthiclmess
Material
Meanstress

authorswishto mess thetiappreciationtothestaffofthe
EngineeringMechanicsSectionoftheNationalBureauofStandsrdsfor
theirassistanceonthiswork. l?articdsr thanks go to Mr. Timothy
O’ConnorforhisassistanceonthetestsandtoMr.SamuelLevyandthe
lateMr.A.E.McPhersonforthetiadvice,assistance,andencouragement.

DESCRIPTIONOFMACHINES

Thetestswereperformedontwonominallyidenticallever-typefatigue
testhgmachines(fig.1)designedsndconstructedattheNationalBureau
ofStandards(ref.I-1).Thesemachinesoperateata nominalspeedof
1,000rpmandarecapableof automaticallyapplyinga periodicsequence
of loadsoftwoamplitudesforvariouspredeterminedloadingpatterns.
Theeccentriccrank(fig.2)isplacedineitheroftwopredetermined
positionsbymeansof a compressed-airactuatedlinksge.Theairvalves

_———._ ..—_
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srecontrolledthrougha suitablecircuitclosedbymicroswitches.After
thepresetnmber of cycleshasbeenreached,a diskwithlugsdrivenby
a gearreductionbox(fig.3)actuatesthemicroswitches.Specimensare
tightlyclampedbetweenthejawsandaresxiallyloaded.A desiredmean
stressisobtainedby suitablysettingthepositionoftheleverrehtive
tothemidpointof itsexcursionbeforethespec-n isclamped.Load
ismeasuredintermsofbendingstrainintheleverbymeansoftwowire
resistancestraingsgeslocatedneartheetiremefibersofthelever.
Theoutputfromthesegagesispassedintoa mcdifiedSR-4circuit
(ref.X2)whichdrivesa cathode-rayoscillograph.Thiscircuitgivesa
centinuousindicationoftheforce-libnerelationship

SPECIMENSANDTESTPROCEDURE

Thespecimensforthecumuktive-fatigue-dsmage
fromalclad7x-T6aluminum-alloyrolledsheet0.064
alclad24S-T3md alclad75S-T6aluminum-alloysheet

inthespectien.

testsweremachined
inchthicksmdfrom
0.032inchthi”ck.

ThestaticpropertiesofthemateriaWsreshowninfigure4.

Thespecimenswerema@hinedto theshapeshowninfigure5. Lubri-
catedsteelguides(ref.13)wereusedtopreventthespecimensfrom
bucklingduringthecompressionU oftheloadingcycle.

Sincetheeffectsof cumulativedamsgeonthefatiguelifeof alu-
minumalloysmaybe small,itwasfeltthatextremecareshouldbe used
to obtainasconsistentfatiguedataas~ossible.In aneffortto
achieveconsistentdatathe
scatterwereconsidered:

(a)Thehomogeneityof
made

(b)Theconsistencyof
thespecimens

(c)Theactualsizeof
emphasisontheareaofthe

fOllowingfundsmentalvariablessffecting

the

the

the

material fromwhichthespecimenswere

machiningtechniqueusedtomanufacture

specimensaftermachining,withparticular
reducedsection

(d)Thegenerslappearanceofthesurfaceofthespecimenimmediately
beforetestingwithregardto snyscratches,nicks,orotheraccicWdxWy
introducedstress-raisers

(e)Themsgnitudesnddistributionofthestressappliedtothe
reduced

In
factors

sectionofthespecimen

additionb thesevsriables
whichinfluencethefatigue

thereare,no
life,suchas

doubt,manyother
corrosion,systematic
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(butunknown)variations”inthetestingmach&es,
testhgtechnique.Thetestprogrsmwasdetiigned
variablesaswellaspossible.

andvariatiomin
to controltheabove

Tominimizevariationsintheresults,allspechensina given
testgroupweremachinedfromthesamesheetofmaterial.A testgroup
consistedof16 specimensselectedfroma batchof22machinedsimulta-
neously.Beforetesting,eachspecimenwasvisusdlyexaminedforany
obviousstress-raisersandifsuchwerefoundthespecimenwasrejetted.
Thetwooutsidespechensofeachbatch,whichwereburredasa result
ofmath-n, werealwaysdiscarded.Cornersofthereducedsectionof
eachspecimenwereraundedlightlyby handwithNo.O emerypaper.

Thestraindistributionacrosstwotypicalspecimenswaschecked
withTuckermanopticalstraingagesduringthecourseofthetestsand
wasfounduniformtowithin1 percent.Thecalibrationofthemachines
wascheckedaftereachtestgroup.Thecalibrationconstantsdidnot
chsmgemorethan1.5percentbetweencalibrations.Thedynamicloadwas
measuredoneachspecWenandonmostspeckns at leasttwiceduring
thetest.Theassemblyof specimen,@ales,paper,andlubricantswas .
a modificationofthatdescribedinreference13. Forthefirsttests,
performedat stressesof*30,000andk~,000psi,thepaperwasomitted
andextremecaretakento e13minatepossiblebindingoftheguideswith .
thespecimen.Thismethodwasdiscardedandthefollowingprocedure
adoptedfortheremainingtests.

Twostripsof copypaper1 inchwideweresoakedfor5 minutesin
SAE40motoroil. Theguideblocksandspecimenwerecoveredwitha
thincoatofAndokM-275cupgrease.The~easedblockswereclamped
agtisteithersideofthespecimenwiththeoiledpaperbetweenguide
andspectin.Theclampwastightenoughtopreventthespecimenfrom
stidingundernormalhandpressure.Theasseniblyremainedclampedfor
atleast5 minutesto allowgreaseto squeezeoutthatwouldotherwise
comeoutduringthe.courseofthetest.Theguideswereloosened,
adjusted,andlocked.Guideson allspecimenswereadjustedsothat
whenthespecimenwasheldverticallytheguideWOW notslideunder
itsownweightbutwouldslideundertheadditionalweightof a O.U-pound
jig. w weightoftheguideasserdilywas0.49pound.Figure6 shows
a typicalspecimenreadyfortest.

Thecyclepatternfora givengroupoftestsspecifiesthenumber
of cycles.whichthetestingmachineautomaticallyappliesatthefirst
ofthetwoamplitudesforwhichit issetbeforestitchingto theother.
Theorderoftestsineachcompletetestgroupof 16 specimensfora
givencyclepatternwasasfollows: .

(1) A
(2)A

testatthehigherstress
dual-loadtestapplyingthehigherstressfirst
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(3)A testatthelowerstress
(4)A dual-loadtestapplyingthe

5

lower stressfirst

Thissequenceoftestswasrepeatedfourtbs. As a checkonpos.
siblechangesintestingtechniqueof a particularoperatorwiththe,
oneoutofeveryfourspecimenswastestedby an alternateoperator.

Ml?I!HODOFANALYSIS

Fatiguetestswereperfomnedon @5 specimensin52testgroups.
A normaltestgroupconsistedof16tests,4 eachto failureatthe
higherandlowerstressesand8 cumulative-fatigue-damagetests,4 with
thehigherstressappliedfirstand4 withthelowerstressappliedfirst.
In somecasesa testgroupwasused.to checkorduplicateesrliertests
andthusshowthescatterbetweengroups.h a fewothercasesa singk
testgroupwasusedfortwoloadingconditions.

Thedataweresmalyzedusing~er’s theory(ref.8). Thistheory
assumesa linearrelationshipbetweenthemount ofdamsgedonetothe
materialata certainfatiguestresssndthenumberof cyclesappliedat
thatstress.It assumesthatpreviousstresshistoryhasno effecton
the linearityoftherelationship.It canbe shownthat,usingthese
assumptions,theamountofdsmagedonetothematerialby fatigue
stressingatvariousstress.amplitmiescanbe expressedby:.

‘1 % ?r i=rni
.X—i- ...+-= —=D

Nl‘+N2 Nr ~1 Ni
(1)

where

‘i totalnumberof cyclesof stressappliedtomaterialat ithstress

Ni numberof cyclesat ithstressalonethat

D cmulative-damageratio,a valueofunity
accordingtoMiner .

wouldcausefailure

representingfailure

Whenonlytwostressesareconsidered,equation(1)becomes

(2-=++(2++=D (2)

. . —.. _________ ______— __ ___ —— -————-— —— — —
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where

x?% totalmmiberof cyclesofhigherstress

=W. total number ofcyclesof lowerstress

.

.

~-

NH cyclesto

NL cyclesto

% cyclesat

% cyclesat

failureathigherstress

failureatlowerstress

highstressin a cycle pattern

low stress in a cycle pattern

ForthesetestsNH ~d NL me
failurederivedfromthefourteststo
stresses,respectively.

averagedvaluesof cyclesto
failureatthehigherandlower\

REslmrs .

TestsofO.O@KCnch-ThickAlclad75s-T6MminumAlloy

Sixhundredandsevenspechensof O.O&-inch-thickalclad75%T6
aluminumalloyweretestedinthirty-ninetestgroupsandthirty-five
differentloadingconditions.Theresultsofthesetestsareshownin
table1. Table2 isa summaryoftheseresults.

Nominal-stress-arupkltudecombinationsoft30,000and#10,000psi,
+30,000and@1,000pSi, 316,000andi@,OMlpSi, m6,mo andk17,W0pSi,
and*16,000andt30,000psiwereusedforthetests.

Thecyclepatternswerechosenfromtheequation

(3)

to covera rangeofvaluesof e“andthusto showanysystematicvaria-
tion of D withdifferentratiosofhigh-to-lowcyclesina cyclepattern. .
Figure7,takenfromtypicaldata,showsthatthereisno systematic
vsriationwithdifferentratiosofhigh-to-lowcycles.

—
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Theaveragevalueof D fors&U_srtests(usuallyfour)ina
testgrouprangedfrom0.603to l.~. Thevalueof D forindividual
specimensrangedfrom0.373to 1.91J.Theaveragedeviationoftests
to failureata singlestresswasofthesameorderastheaveragedevia-
tionforthecumulative-damagetests.Testgroups12,13,14,and15
weretestedatnominalstresslevelsoff30,000and&,000 psiwithiden-
ticalcyclepatterns.Averagevaluesof D rangedfrom0.805to 0.879
fortestsinwhichthelowstresswasappliedfirstsndfrom0.729to
0.896fortestsinwhichthehighstresswasappliedftist.Thescatter
ofthesevaluesforthesamecyclepatternsuggeststhatfourrepetitions
(ofthesequenceoffourtestsforeachtestgroup)areadequateto give
consistentaveragevaluesof D.

Effectsofpriordynamicstressingof somealuminumalloysatone
stressamplitudeonthefatiguestrengthata secondstressamputude
havebeeninvestigated(refs.14to 16). Theresultsshowa pronounced
increaseinfatiguelifeforcertainlodlngconditions.Thecycle
patternsoftestgoups 1.1,22,24,25,29,andn wereespecially
selectedto investigatetheseeffects.w testgrOUpSU, 22,29, and30,
everyspectienexceptonegavecumulativedamageratiosaboveunityfor
testsinwhichthehigherstresswasappliedfirst.Theaveragevalues
of D rangedfrom1.074to l.kkoandtheindividualvaluesof D ranged
from0.843to 1.911;w rangedfrom35.4to 82.9percentofthelifeof
thematerial.Thereseemstobe no systematicvariationof D whenthe
lowerstressisapp~edfirstorfortestsperformedatnominalstress
levelsoft16,000andt17,000psi.

Testgroup23 investigatedthecumulative-damageeffectof short
burstsof a veryhighstress.Thesetestswereperformedatnominal
stresslevelsof*16,000andfi0,000psi. Forthefirstgroupof
cumulative-damagetestsL-Ha (tablel(c))thecyclicsequencewas
100jOOOcyclesat lowstress, plus500cyclesathighstress,plus
100,OCX)cyclesat lowstress,plus~ cyclesathighstress,plus
theremaininglifeofthespecimenatthelowerstress.Thesecond
groupof cumulatiw-dsmsgetestsL-Hb followedthesequenceof
100,000cyclesatthelowstressplus100cyclesatthehighstress.
Thissequencewasrepeateduntilfailwe. Thevalueof D was0.806
.anii0.663,respective~.

Figures8(a)to 8(c)showtheeffecton-D ofthelengthof cycle
pattern.Fortestsinwhichthehigherstresswasappliedfirstan
increaseintheconsecutivecyclesappliedtendsto increasethe
cumulative-damageratio.Thereseemedtobe noeffecton D fortests
inwhichthelowerstresswasappliedfirst.

“

Figure9 presentsthecumulative-damageratiosforW thetests.
, Figure10is anS-Ndiagrsmofthematerial.Thepointswereplotted

fromthedatasumarizedintable2 on specimenstestedto failureat
onestressamp13.ttie.

%he testgroupsinfigure9 arenotlistedinnumericalorder.

.

-——— —— ————-—— .——-—
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Testsof0.032-Inch-ThickAIclad2ks-T3
●

✎

Onehundredandninety-eightspecimensof0.032-inch-thickaluuimm
alloyweretestedinthirteentest~oups (thirteendifferentloadingcon-
ditions)atn~-stress-amplitudecombinationsoft16,000and
+3,000psi. Theresultsofthesetestsarepresentedintable3 smd
aresummarizedintable4. Testsongroups40through45weremadeon
alclad24S-T3andtestson~oups 46through52weremadeon alclad 75S-T6.
Figure11 showsthatthereisno appreciablevariationinthecumula.tive-
damageratiosobtainedfromthetwomaterials.

Thecyclepatternswerechosenfromequation(3)sothatthevalues
of D fortheO.032-inchmaterialcouldbe compsredwiththoseforthe
O.O&inch materisl.

Theaveragevalueof D forthesetestsvariedfrom0.568to 1.218.
Thevalueof D forindividual.specimensinthisseriesrangedfrom0.381 .
to 1.422.

FYgure I-2presents an S-Ndiagramofthematerialsused. Thepoints -
wereplottedfromthedataintable3 forspecimenstestedat onestress
Smplitlde.

‘- BISC!USSION

A comparisonofaveragevaluesofthecumdative-damageratio D
fortheO.032-inch-thickmaterialwitha fewaveragevaluesforthe
O.064-inchmaterialisshownintable5. TBereisno apparentvsriation
of D withsheetthickness.

Table5 alsoshowsthat,fortestWOups of comparablecyclepatterns,
D isaboutthessmefortestsperformedatmeanstressesofO- and
20,000-psitension.

Thelargestaversgecumulative-dsmageratioobtainedfora groupof
fourshilsrspecimensws 1.44-0intestWOUp 29andthesmallest,0.568
intestgroup41.

Fromthedataoftables2 and4,thefatiguelifecsnbe predicted,
usingtier’scumulative-dsmage’ratio,towithin20percent72percentof
thethe andtowithin10percent40percentofthetimeregardlessof

(1)Thestresssmplitude
(2)Thesheetthickness
(3)Thealloy
(4)TheBeanstress

D

.

.—._ .—. —— .
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Althoughthepresenttestsindicaterelativelylittledeviation
froma cumulative-damageratioof1 atfailure,itmustbe remembered
thatallthetestshavebeenconductedunderconditionsofnominally
uniformstress.ForspecimenshavingstressconcentrationsitisMkely
thathightensilestresseswKU causepermanent setandresultinbenefi-
cisllresidualstressesintheneighborhoodofthestressconcentration.
Forsubsequentcyclingat lowerloadsofthesametype,an improvement
in lifemaythereforebe expected.

fiNammG mums

Cumulative-fatigue-damagetestsweremadeon607spechensof
O.O@+-inch-thickalclad75s-T6aluminum*y in35differentloading
cotitio~ W on 198specimensofo.032-tich-thickdckZ 24s-T3ti
alclad75S-T6aluminumalloyin13differentloadingconditions.The
datapresentedindicatethat,whenthematerialsme stressedasdescribed,
thelifecanbepredictedto within20percent72percentofthelxlme
andtowithin10percent40percentofthetime,usingtheassumption
thatthedsmsgeisproportionalto theratioofthetier of cycles
ap@iedat anystressto thenmber of cyclesatthesamestressthat
wouldcausefailure.

Theredoesnotseemtobe my systematicvariationoftheafore-
mentionedconclusionwith

[

1) Thestressamplitdesused
2)Thesheettbiclmessused
(3)Thealloyused
(4)Themeanstressapplied

Thereappearstobe an @creaseh thecunubtive-damsgeratiowith
an increaseh cycleratiofortestsinwhichthehigherstresswasapplied
fmst. Thereseemstobe no effect,however,fortestsinwhichthelower
stresswasappliedftist.Thecumulative-damageratiosforthesetests
were,ingeneral,lessthanuuity.

National 13ureauofStandsrds,
Washington,D. C.,March16, 1954.
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TABLEl.-CUWMKNWFATIOUWD.4M4GE RESUMS FOR O.@!-IWH-TIUCK ALCT.AD~ti A.UMXUM AI.UJY- Cont.*

(a)Wnrlnalstresses,*W,IXMIed ti, C03 Psi - Concluded

I.md D3vlation
Sp3ciman sequence -gy-’-’ LclwShess, es tJJ clmnllatim9imwJe

ksi falllma from averags D,ratio, D
8 ~t

X-id
=9.
x-ly.
x-he
x-m

x-yl
x-7a
X-sld
X-1X
x-led

x-a
x-&l
x-ml
X-IM
x-21a

X-M
X-EH
x-la
X-l&l
X-1*

Testgroup10;cyclepattern,2,(XOcyclesh

E
H
H
H
H

L
L
L
L
L

H-L
H-L
H-L
H-L
H-L

L-H
L-H
‘IrH
IrH
GE

*42.1
*41.3
til.6
*4L.6

Av.i%?

*42.2
i41.5
*41.?I
*41.;
●41.4

Av. =

+41.3
*41.3
*41.2
+41.3

*Av.* 1.3

*x.8
*31.0
*30.9
●5&9
~

Av.*30.9

*31.2
+30.8
*p.o
+30.8
~

.

●73.8
*50.9
*30.8
*X).1
+Jo.Q
*30.7

X-AC
X-EC
X-MC!
x-lx

=%
X-I.2C
x-l%
X-17C

1.2,O(XI
15,910
17,980
15,190
~

47,950
55,470
55,*
57>370

% J

20,300
20,ya)
16,730

%

m,170
28,940
28,46o

g

1W 3,0Wcycleslow

0.786
1.o&2
1.178

.m
La%
1.028
1.061
g

.765

.&%

.673
:%

m

1.6G9
1.018

.*

%

Testglxnlpll;cyclepat-tern, Il,wocycleshighFmilowto fashme

E -k41.2
*41.8

: +41.9
H *42.O

Av. ~

L
L
L
L

*31.o
*31.2
*9.9

Av.$%%

W_LEM

M, ~o
Ii,~
13,840
14,840
13,293

48,620
%,olo

$%&

21, $@
2),640
22,470

w

0.942

l:E

.95
1.132

g

l.oy)
1.023

21.4
4.2
17.8
.5
.i

=373

11.3
2.6
2.8
6.1

d

2.5
8.0
9.8
17.4
18.0
-kl.l.l

16.4
u.6
8.3
16.9
&

.

5.8
10.0

g

1.7
13.2

+%

4.2
6.7
3.3
14.1
m

a H,W@ stiss onlY;L, I.OWstressoiLYjH-L,Ma .h!SSSfirstfoUow’adby 10V stress,ek.;
I.-H,lowstxessfirstfolhmdbyhighstxass,etc.

-.—. . . .. . . __ ..- — —.——
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TAHIsL-mmAm?fE-Fmlm2auME EE301E3Pmo.c6b-mxwEucKALcIAn?5s-5?5ALmmmAuar—cawJnmd

b)~ Ehe6-, im,omdiaaomi

aE,kM6tIU80an13;L,LrWatr8aacmlyJ&L, klJ@~ fir8tfOUmCd bylWtiU, OtC.J&H,~

. .



F
17

TAB18l.-monA5vE*MmmaAwm Elm15 m o.as—Im&imcKALcuDce-!16~AILm—~
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l.ia Iz.e
13.4

1.01”(

G 2

l.llz 11.2
-s%

y&
ii

E
E
E
E

L
L
L
L

E-L
E-L
E-L
E-L

29,610
35,783

%%

5-$
3-IJJ
3-M
SIB

1A
1A
L-a
L-E

39,-m
mm
37,W
%%

d4-1
443
4-1o
J1-v

32,43J3
2?,%

z%

“;2J
i%
62,*
3%-PO
~

24,90
XI,C83
W,cg

%’95

1.*
.Sm
-555
H%

6.7
4.9
4.5

s

=9.5

A.-%i

L
L
L
L 2?l.au

E-L
FrL
H-L
E-L

*.2

A..iii

=9.7z
4-4
4-9
4-14

L-x
L-H
1A
L-a

*.2
*.4
ML1
*.O

Av.~

lktgl-cq!a);q

E i61..3
z E
HO E
>lb H

Ar.~

S-5 L
5-7 L

L
% L

9 E-L
9 E-L
>12 E-L

N
b

E-L b

1-%3

iii

-S2J . .
-920
1..O49

~::

+K&
%

l.ti 3.2
Lo
8.9

3 %

-mm 3.0

iii 2

Ew-s3
57’,6Z3

ii?%

5-9 L-E
>9 L-x
>13 L-H
>17 L-E IIb

1 I

aE, hlehstruocdy; L,lm aticnL173E-L, Sb-easfir6tfOllmulby Lc+utlws,eta.;GE, low
Smeaa.rixstMlm’61 b-jM@ Utrm8,ate.

?tlm.iMdridmt fmctyumiOrediI!+ ~td -8 isi6L.4M.
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m l.-(ZJILIUTIVE-F~ -DAMAGH~ m o.#1-nmWQm2KALcIADmm AnRImmm-COd.M

(b)l?mrd.nalStremee,m,oal edltEo,oal psi - concluded”

Load
E!pec* HighE&3%, ‘Lawsaws, cyclesta Cmlktiw-damge ImTie.tiOn

sequence kei kei faillme fram average D,ratio> D
(a)

TaetgI-oup213cycleptt@In, lJwcyclesMghaIld7,400cycleBlav

1.2-1
1.?-3
12-9
r2-13

E-2
U-6
1.2-1o
1.2-15

IgJ
X2-8
12-12
12-14

E-4
12-7
u-n
12-16

H
II
H
H“

L
L
L
L

H-L
H-L
H-L
H-L

GH
IrH
L-H
L-H

63.1
62.7
i62.1
+61.6

Av.=

Ic)cc1c)
1.c)
c)
c
c1

+30.9
+30.8
&sl.o

2,95Q
2,693
2,393
2#0C#
I

46,240
ME&

~

30,040
37,!m
40,240

%%

49>735
37,440
29,%0

w

.742

.920

2
.

:Sal

7.4
1.4

%&

R
5.5
8.6
=zi

.&

22.9

2$%
I.Lo
fi-j’.o

Test-22; cyclaF=sttam,l,m hl@+luK to fdlJJIu,H-L,ti 40,CWIUW+Msh to faikre,MI

1
10
IJ
14

2
6
9
15

H
H
E
E

L
L
L
L

H-L
H-L
H-L
H-L

L-H
L-H
L-H
GH

K&l
*.9
ti9.9

m.%

p
d
d

%.5

4,173
3,8%
3,7’93

%?%

1.5

6:2
4.6
w

a H,l@JStM68 only; L, I.OVs’&w3Sonly;H-L,hl#Ietressf-t fOIlOuedby law stress,eta.;
PH, low stressfhat fallovedby highshss, etc.

heufficlentfordynamic reading. Esthati BtiSO iS ti2.4hi.“
%= inmfflded fordynamic reading. EetlK@.t?edE*sa is =%3 kei.

-— —..— —.— . —— ——— ._. _



TABLE l.- uMrMuVH.FATIrrw-DAIWE KKuuT9 ECIRO.&k-mQH-mCK AlUh4D73i3-T6AImlnW AIUJY- Con’CIImed

(c) Ikminal atrassea, W,@X) and %0,003 pi

Lad
@cdJmn sequenoe

Hi@ stress, Low dxess, Cyoles to C-mul.9tlve-dmap
Dtition

kei hi failure ratio, D
m war-age D,

a percent

!cwt group 23;@ ~tm, lC0,000cycleslow+ 503oycleshU@ + lWm @ + ~ U@ + 1~
to failure,L-&, andMO,OW oyoleslov+ I@)oyoleshigh+ rapmt b fallme,L-T&

3-2 H !=60.4‘ 3,030 1.031
61.0

3.1
3-9 H 3,210 1.093
3-16 H %2.3 2,660
3-14 H

A,.s
8

%
g

2> 4

3-4 L ti5.2 9’5,w e471 32.9
3-8 L *15.6 1.6* 69.6
3-17 L m

A..~ 1,922,300 i% &

3-5 L-%

I

b
1

fi5.o Xlo,810 .380 32.9
>10 L-& b *15.6 842,7cto .m
>12 L-m b) :5.; 1,177,783 18:2
3-18 L-& b)

AT.& %%% %
&

3-T LmJ

II

b f15.6 700,710 .602 9.2
3-18 I&$ b f15.3 @3,773 .6P 1.2
3-13 L-% b -kg.7 !m,3f33 .775 16.9
3-15 b~ b

A..% $%$% % :2&

a H, h&h S+Z3MS Ou} L, ~ StrSSB ~; km ad km, bV dXUES fhSt fO~OHF.d m ‘hid
S*ES (12ume Iwo groups tested b invest@ati cumlative-dmage effect of short bursts of a very
high Stiss) .

PcimewaE 3nmUficient for dynsmlo reading. m-tea atrem ti M1.3 keio

t

I
I

.,

‘d

\
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!MEm L- UMIMCIW-F~-DMAKE HEsmmFcRo.c6bTicH-!mcHALcLAD ml-T6ALmImJMAIum—couwmed

21

. (d)Ncdml s+zeEmeB, M,oa)end-kl-(,cw psi

m IughStresB, W U&OSB, %=ti ~tim~
Deviaticm

*clmn sequence from average D,ratio, D
a ~t

T08t Lrrou’p24; cycle l@tarn,T53,1Xu Cycles ldghtofailnm atlm and
1,350/203cyclesI.OWb fCdllmeatblgh

:2 H K1.y.l l,m,m O.egl 10.9
H fi7.1 1,928,870

6-U
1.122

H =7.3
6-15 H

%
FW. 27.2 $%% $ z%?

6-4 L M.6.2
6-7

2,TL8,1mo l:&5
L fi6.2 2,012,660 g:?

6-8 L fi6.3 2,k$,@3 .1
6-u L

,7.%% ‘m’ s &

E-L M.7.O ti.1 l,%2,1&l
2:;

.99 21.2
H-L ti7.2

6-3.3
(b) 642,240 .373

H-L -Ja7.2
6-17

1.261
%; :g,g +

%?
H-L ~

?&I
.8

Av.f17.2 2 3.

L-H fi7.1 H&l
;:&

l,719,8& .769
I.-E fi7.2 *.3

u.6

6-16 GH =7.2 2$%T;
6-I.9 GH ~

Av.f17.3
g ::m%$

z z

matgmq 253CYC.leFt-, no,m cyclesIll.@-wmilm-eatlowand
l,CW,OW@s lowtofsilmeatMgh

E fi7.3
s

1.6U 61.5
E fi7.2

1>1o H
%%&

+17.3 l,383,mI :%
1314 H ~

Av.f17.3 m i% ?%

13-3 L 6.3 2,C#@90 1.W
&8 L ti.3

7.7
WA,m .746

1>12 L +1.6.4l,l19,2&
134.6 L i16.4 g

Av.~
7)*Y*l,95,@l . z

l>g H-L =7.1 *.3 l,@m,8Xl 12.o
U-7 H-L fa7.3

‘ ? %!
1.0

~11 H-L fi7.3

~v-m E % *

!24.7
13-17 H-L

g

134 I.-H ti7.3 l.h%
1~ I.-H fi7.5
l>U L-H (a)

ij:: %&j
:!%

134.8 L-H
A..-%% % %%% %%

~
.1

aE, M@tiBOnly; L,lnW hsonlyJH-L, M@stIwe firstfollovdby low-ss, &.;
L-H,kv *s8 firstfO~ by hi@ B-as, etc.

. —— ——. —--—— ———— .—— —
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m 1.-m51Amv2+~ QmDm KRo.ca-nmwDucKAIcLAu-/%w6AnmmimALKm—cmti.nd.._

aH, b.WdZUUSCd.Y;L,lW streascmlY;E-L,hi2htis firmtfol.loudbylcmStrasa,et-a.;

—..
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aE, MShti@ndJL, lm mtr’awody;E-L,M@tiM fimt.foUmb!dbyIuaatrena,et-s.;

——. . . ... ..—.—. -——— .— —- . .
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1.1~
.m
g

.724

iii

:%
%

m-3
a-~
all
2)-15

E 17.0
12-5
2.4
6.8
m

E
E
E

23-1
a3-5
*9
‘2&U

L
L
L
L

u471>%J
1,674,46J

w

a+?

a-lo
a-16

E-L
E-L
E-L
E-L

●Y3.6
*y3.3
*39.5

A..%%

W
iL6.4

%$

6.7

Zo-4

m-12
2J-lk

+30.1
*50.3

AT.%
ti5-uap3sJa

@3.6

Av.E

16-2

L6-12
U5-17

E
E
H
E

1-M

3
Us-4
16-I.O
&14
IGLg

L
L
L
L

1.2s

Z/ii
M-5
M-g
L6-13
16-18

E-L
E-L
E-L
E-L

Ml
L-2

L-E

15,480Cyclwlov

17-1
17-5
17-5
17-V

*.2
5w.8
*.2
i16.o

Ar. =

17-3
17-7
17-U
17-15

L
L
L
L

64.-I
4T.2

s

17-2
17-D
17-14
17-17

E-L
E-L
2-L
E-L

+16.3
*.8

s

16.2
22.8
L5

H%

1oo:

s__wE17-8
17-U
l=ps
17-M

GE
L-H
1A
L-K

aH,W &=-s cmls;L,lawstrwscmlwE-L,U see firstfolla.ndbylm mtmm, etu.j L-H,luu
atrem fi16tfOllmOdbyhi@i6tmw, eta. ..

-— —— — . . ———
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m l.- COWUTIW-FATIGOE-DAMGBI@aJIKmFoRo.(%4-lEcI14EmIKAI.cuD73WK AImfuKmAIum-coIICIMed .

(e)EOmlmls~ses, fi,~ d &50,000PI -&m%uded

UMd “HighB-hTeas, hYH ShUBB, w@=ti C!LmuH:&Ke
DeK&tian

speck seqgence
tii ksi D froma~ D,

a ~t’

Teat gruup38J QCle pattern,1,~ eycleahigh and 98,2% cyclesI.ov

H .g.~ %2,623 o.~ 4.1
:; H 35,400 1.o1o ,1.0
>13 H 1.o17
>17 E $%J - = _

1.7
Iolk

Av. z%

5-6 L
~-rl

792,1.60
L 2::

p.o

>15
1,23J3,870 %

L
5-18 L ~v-&& %?%Q g

%:

a

3-7 H-L *30.2
>lo

l,2k8,6&J 1.17
E-L =.1 g:; 1,49,352 1.3?6

5-14 II-L
l;:X

*y3.o . 1,2C0,U!13
5-19 H-L =

Av.j5CL2
*

% ,
~

?%

3-8 L-H 3=9.9 ti.o 1,235,!XJ0 l.llg
L-H *30.2

17.9
94-6,350

:2 L-E ~::
.

l,08g,llo :%
523 L-E w

AT.*y3.2 e i%%%% %?$ s

TestgluuP39;qClepti,483 CYClealW#l=ld24,517CYCle51W

19-1 H w.6 &J& o:% 4.3
lg-q H *30.1
19-9 E

13.6
*30.2 1.162 ‘

19-13 H
16.2

Av.~
~ 1.o16

E z%

19-3 L &.4 3,C@@3 1.463 46.3
19-7 L

L
%$ L

Av.~ E 3 s

19-2 H-L =.6 l,cJ#l,g!30
2:2

.8%
19-6 H-L *3.6

9.4
1,173,393 .983

lg-lo H-L .8
U-14 E-L

E % %%
A

~:

AT. Z& :923 m

19-4 GH @3.8 -.2 1,048,270 .869 .9
19-8 GH . 1,168,5U0

2::
S& 10.8

lg-12 GH 1,0b9,65a
lg-16 GH .V.g

-%?%% i- :
&

,

.

aH,h@.hetreBs-J L,IXIV6tXeBSOnl.WH-L,Id@ StIUEBfirUtfO~ by I.IJU
S&SSj ek.; L-H, UJW S-S flrBtfo~ lzYhigh -B, dc.

...— —
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m.BLE2.—sx+48r5mEIEm80.@i-mE4mcKAKmDm=i% AmDumMAILur

Im P* Avers@~, Q-denb Amraw dmlatim cmJJ.ative~
hi failma ofm, prcant ratio,D, of D,~t

-. ?-

1*88.1boa.I I I
w- q- E L E-P L-* “H I “L 1- E-IPI L-* I

—

1

2

3

4

5

6

7

8

9

Lo

U
—

—

L2

L3

14

L5

16

l’1

18

19

m

21

22
—

7,W3

10

1,W3

D,cw

10

m

l,CEO

m

m

2,cm

l,OW

10

In

In

10

ml

l,OXI

1,(XI3

100

w

MM

(’a)

a,oa)

40

4,KU

&o,lm,

%3

m

9,CUW

YJ

‘m

3,mo

Df.ailum
atw

w

S0

93

m

9s2

g,cm

24,00J

2*4Q3

3’l>m

‘f,bxl

(a)

Is

l!s

8

ti

8

16

M

19

US

m

12

*YJ,m ad Ho

1n,ls%
i8,140

33,1&3

k5,2aY

%3W

b9,*

mm

k.~,m

X,V82

34,c&l

b9,4&

~ ~ m-, -,U

Ifs *-7 +3.0 %1% ,,lm6CK230

=.6 *.4
17 &9.8-m.5 =3.6*.3 3>01045,-

17 +37.5~ .4z; z; 5,.5W~,p

1.6
-.7 %9.9

-.7 *.4 *.4 +23.23,&xla,~

*.1 *.5
M %.9 +x.0=9.5 *W.3 3>4439u2i’o

ti.8*.9
16 i61.o-=9.9 =9-8@9.7 3>~ 62,*

*.5 +&8
16 %.3 -=9-s=9.5*.5 3>45Q66,%

+%.0450.4
1.6 *.1 m. s %.7 =3.6 2,* Z,-im

%.4 W5L4
S3 &b +y3.9*y3.yw.6 2,15347,210

‘%2.4%2.4
16 a4 +30.9W.’I&&8 2,7m30,993

16 =3.3=9-32? % 4,07J‘ll,tmo

ual*

W-.4

+9.6

6.6

H&b

m.~

6.9

6.9

*.7

%8

%.9

+3.5

J@

+6.2

w.5

6.2

q.8

+1..T

+6.4

q.1

%3

i4.o

+4.6

%.6

Opsi

tlb.o

w.8

+U..4

M.1

i4.o

35.2

MI.8

+3.2

9.6

+7.1

i%2

1l.ly(.W

.94

Lq’

.&%

.930

1.W

.763

.9=

.*

~ti

‘.99

.Om

.%7

.033

.*

.%

.&n

.@

.85.9

.*

-m

.815

.*

.m

L~~

LI.%1

.m

L145

.W7

.%3

.m

1W.3
*.O

*.4

+$i.6

●.3

m.1

fI.3

%8

*.3

ill.1

5.1

%.2

%9

+3.8

i6.4

il.2

*.3

*.2

30.0

X3.4

a3.3

*.9

imo

ill.~

iq.8

=3

*.7

*.7

i7.8

5=3.3

fi7.o

+2.8

— .— _______ - -——— –- –—_
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=2--~mmo.@=mHmcK AmuDm—!16AmnEinAmu —cmmllaM

I 1 ,

—

s

27

28

29

30

n

%

33

34

55

%

n

58

n
—

4X

k

&a

($)

O,aa

2*OWJ

1,2C0

120

D,ccu

2,01J

m

4,=

L7W

m

9,&c

9,402

9,4m

(J)
>fe.ilnr
atID-u

I.ea,axl

12,&a

1,6XI

eo,m

8,cm

em

245,4&

*,2X

24,5L7

II%
--,----

1 .2ti.2+L6.1

5Q.3 .4& 2.:

.7 .4 .;%:;

43,V.Ql,&5%720*.2

‘mm V35,&?J &.i

$3,tm2,aqqo *.5

%MJ .%7,020*5

71,m1>5V,9WM&a

@,2232,m,4&3 q.3

S*W 1,Z3>$U0 *6

yil,ti2,U.9,671W.o

s,oln2,344,29251

b’r,a2,0S,552, *.7

5%mo2,~5,m %.5

55,2701,*5,923=7

54*W1,6%* =1Elf.4+30.
.4 .5ti.5H& i

3*J W.: %:

W.2 +X.2
.3 2*.2 H&l

- ‘-=’3.2
5.4 53;x&x%mlH.9

L* Lw

Laq .*

.674;T16

LwA l.cm

1.41a—

.W7 .@

.937.S03

m .7V

. .603

.@io.*

m .*

I..y%M&J

Llq .9W

w .m

toraflure.

5.7

+8.3

+.6

il..4

&L6

+6.3

*.8

22.0

i%g

10.5

24.6

Io.o

*.4

.



NAC!ATN 3293 29

TmIE3.-LmmAmm—F~ ~ RHio.c32—mJ2mucKALQm24a—K5Am AmIAD75m6AImmumAILuI

&iml ~, +16,0md m,m @]

.(a).L%dM ~w

. . ...-. .—— —— .. . —. .—. ——



.



Ta6tgmp 46;-m’es8,03uycln #k-n,9,21s)ayC.lRSM@mni140,&Y3Cydmlou

30-2

y.1-lo

3@

33L2

>7

%:

*9
Y3-15

0.916 8.4
.* 5.2
Lam 8.8

% s

E
H
n
E

L
L
L

E-L
H-L
E-L

LE
L-E
GE

l,alg,
$%

*

.,

2E2

28+
%1.a

2%5
28-10
%-~
*m

28-3

28-L4
2a19

2&6
S3-11
2?3-17

E
E
E
E

L
L
L
L

E-L
E-L
E-L
2-L

IA
L-3
L-E
GE

1.OW
1.ml

~

o

ii

2k.6
%-2 -
&

*

3.4

3

1.6.8
3.6
14.2

&

1.037

ii

*,3W
=,7X

E
La
Lokl

%

Z=tgrcmpwjmlaus+men,o;ayele r4tai-n,22,w3( 188bi@andz,m(

I-.242
L*

.*

.@
Lamm

E k2Qo
E as
E *~.la
E
H

AT. ~

L
L
L
L

E-L +31@
E-L
H-L
EL

Av. ~

l-mlXi
#J

3.2

1!

-E-LEL135,610
BMW
142,1m

m

fll-ntfouc-iua by high mtrem,etc.

——.—. .—.. — __— —— . .— ——.



32 NACATN

w 3.-mmMm2—F~ BmmTsm o.03z—nlTE4mmmL4D24&mAmlNCLD~AmulmAmI -~

3293

“L u.6
13.4

g

L
L
L

2s-2
%-~

26-19

E-L
E-L
E-L
E-L

s
s-lo
%+

L-E

L-3
Ia #-l-s-

- Etme5, m, Le81.m

26.3
13.8

am
3JW

&32,> ti.’r
*

WJ-9J

*..3
409,633
43,6L0
4SW30

m

78>m
5,*
eg,blo

w

m E-L
Z3-lo E-L
25-14 X-L

E-L

*.-E

%%

..-%%

-l_Ei!i ID.4

1, 19,- C@

U&O.m

?s%
l,*l,m
2,0a,ogo
%-mm

$-%%%

L
L
L
L

E-L
E-L
E-L
E-L
H-L

E-L

l.m
L1*
l.rn

AT.

—



.,

IJJad
SpOinun Hi@ h-em, Loy StXOSB, @Ok!B b Cmlil.ative+lumlge Wvie.tiOn

aequeme
&i kei Mlm T8tio> D

from average D,

(a) woent

QW DBiJ cycle ~

32+
32-2
y-12
32-17

323

32-M
X-L5

32-4
32-U
32-18
32-19

mat g-oqp

H
H
H
H

L
L
L
L

H-L
E-L
H-L
H-L

*50.99
m.45
*30,95

1 2%$
● o.

AT. .

ttmn, 18,9x

28,8&l
iq,oi’o
19,172

w

W,*
591,950

?%
* ,770

18s,7
1~,1E
218,6aI

m

yclea high to faflme

1.u8
1.&g
.742

1:1%
.892

*

1.C59
1.CW
1.1%

i%

t lCW

u.8
4.9
23.8

1;::
10.8

2,3

ti

a H, high st.rreaacmly) L, low stress only; H-L, high eimess first followed by low stress, eti.J GH, l-w .@ress
first folk-fed by blgh atrwm, et~.

u
u



.
!m81x 4.- Emw3mmmxm mo.w-mmsml% AlaL40~

+ Sk-mm @+alos, ti,m ad &wxn q

1
O.p O.*

.s% .m

.@ .69

l.w’lLlv

LO* —

LO+I .?’40

1
l.lm l.d

1.03 l.ctu

.’39 .Tw

.%9 .mo

LI.E2 l.m

1. —

IA —

1
%4 9.9

*.9 +3.5

-8 Q.6

ilo.o‘M.*

*.6 —

al i6.o

i

ti.1 .2

H.’a*.O

W.9 *.3

*3 UT.’2

nl.o S.9

iao —

W.5 —



I&OJl
hoe,
psi

o

0
20,C03
o

20,CCU

o

El&Xl

mjizl

o

0

m,m

o

a,m

@Kmam’JmamMBJ.x PA!CIECRFWIos e

ALiLBarA3-z6

AlclRd aa-m

A10L3d242-%3

Alolad’m2-!e6

0.C.6A

.0%?

.0>

.W

.032

.054

.64

.032

.Op

.O*

Fe.ttem ratio, e,

*

.555

. $nO

.@

.95

:R

.53$llfettt E
tokdJnreat L
61.4Me at E
to failureat L
~1.lfe,tH
tafail.vreatL
7yi WOEt E
to faL1.meat L

chllatiTu-
ratio, D,

1“+1’——

(av%gul Vc.%s)

E-w

O.m

.-m

1:%%
1.@5

.7-R

.m
1.W

.&w

.%9

1.4U3

1.Q5

1.040

1:139

1.045

L-*

o.&33

.*

.m
1.0D9
I..(kk

.654
L 1~
.75m
.mn

—--

.*

—.

—--



Dial Mil!?awa
7-1
--

&lemid

valve/

“ Eccentric

11 N

/A- 1’

----
counter Q, ~~a‘ 1

Zzz7 *
Figure l.- &hematla diagam of side elevation of fatigue testing machfnes.



L-87944
Figure 2.- Driving W&ages of fatigue testing ~es .’-



0

-----—

, .



I

I
I

I

eo,cm

63,CIX

40,CQ0

m, ox

II
Ter@On

1 o.c64-ti. 1o.21 x ld
ELlOl.d *T6

2 O.ox-ti. 10.I.O
al.uhl!lm-m”

3 o.032-ti. 1o.47
EJ.chd242.~

-=ion TenBiOn C-mpremian TennIrm

10.26 x U+ 76.IaX d 69.40 x lo3~.& x d

10.26 ‘10.7S a.m *.27

lo.% W.o’-l 41.q &5.e4

CmTG-emicu

—--—.

-—.—-

0

s-h’dn, h./bl.

Figure k.~ stress-strain curves.



=.-

.5“
i

48R

R

.5”

I
, ,1”

2
--i

Figure 5.-Des- d specimmo KU dimensions are in Inches.

-1=
o

I

k



“-

A

\,

I

/

\



La

1.1(

o High. L&
+Low-mgh

.2

1

.6

Figure 7.-CumuIRt ive-d,mage

. .4

ratio versus cycle-pattern

.8

ratio.



NACATN3293 43

.

1.5—

1.4

1.3–

1.2

1.1—

1.0 A

.9,– et

.8 u

●7–

.6
10-3

El Highstress first
A Iawstressfil%t

J
❑ 0

A. -

n f) A
A

A

A

❑

IO-2 1o-1 1.,0
Cycleratio,

/
nHNH

(a)Nominalstresses,*30,000andi40,0cQpsi.

.-Cumuhtive-damageratioversuslengthof cyclepattern.

‘i= ~~~H) + (~~~L) where ~ isthenuniberof consec-

utivecyclesappliedatthehigherstress,nL isthentier of
consecutivecyclesappliedatthelowerstress,and ~andNL
aretheaveragedcyclesto failureatthehigherandlowerstress
levels,respectively.

.

—-



.

NACA‘TN3293

1.5

X.4

1.3

1.2

1.1

1.0

.9

.8

●7

.6

—

%

~ AA
❑

n

•l Highstressfirst
A Lawstressfirst

Q

n
!2 m

A

❑ A
A

,.

‘1O-3
Cycleratio,%/%

(b)Ncminalstresses,t30, cOoand%O,mopsi.

Figure8.- Continued.-

—

1.0

.



1.5

1.A

1.3

1.2

1.1

1.C

99

.8

●7

.6

(c)

o m.ghstresBfirst
A )kV stressfirst

A
Of)

0

0 A
A

c

10.2

/
Cycleratio,~ %

n

A

❑

0

A A

stresses,t16,~0 ti t30,000psi.

Figure8.- Concluded.

.J-o

—_—. ..— .— —— -—— —- —- — -—



I I

Figure 9.-Cumihtive-damge ratio versus cycle patterna for O.O&-inch
material.



d
R

I

Figure

k-

Q-elm to famua

i-

0 OOPO$?@’

106

lo. - S-N diagram of O.@-Inch-thick alclad 7’5S-T6aluminum-alloy sheet. Each point
represents a grow of tests, normally four (table 2).

I



●

�

Extrane specimene for e@ch H-L teet goup

Average of L-H specimene for each teet group

I mtrme specimene for eachted QWJP

1.4

cycle
pdterm

%/%

7
?

I

1

Figure 11..-Cumulative-damageratio versus
mterials. Nmn3nKL stress Em@.itudes,

*

m
u

cycle patterne for O.O~-inch
ti6,amandt~,~ PBi.

. .

< .



I

I
I
i
t

I

Figure 12.- S-N
sheet.

+++* a

diagram of 0.032-inch-thickalclad 2AS-T3 and alclad 75S-T6 aluminum-alloy
Ihchpoint represents a group of tests, normally four (table 4).

I

I


